Abstract. We present in this paper a catalogue of 112 massive isolated white dwarfs, with masses M > 0.8 M . Mass determinations and other parameters of white dwarfs were compiled from the available literature. For each star we present averaged values of mass, effective temperature, logarithm of surface gravity log g, radius, distance, and the surface magnetic field for magnetic white dwarfs. The mass distribution of our sample is a slowly decreasing continuum function for masses larger than 0.9 M , with an overlapping secondary maximum at 1.04 M . We conclude that the mass distribution of known massive magnetic white dwarfs is flat, whereas nonmagnetic WDs exhibit a steeper mass distribution towards the highest masses. The secondary maximum at 1.04 M is caused exclusively by nonmagnetic white dwarfs. We note that the 4 most massive stars with masses M ≥ 1.3 M are magnetic white dwarfs. Our results show also, that the occurrence of magnetism in massive white dwarfs does not depend on the cooling age (above T eff = 5000 K).
Introduction
The masses of white dwarf stars are always smaller than the Chandrasekhar mass, which is equal to 1.44 solar mass in the case of hydrogen non-rotating objects. It is well known, however, that the mass distribution of isolated white dwarfs exhibits peak at mass ≈0.60 M (Weidemann 1990) , with a substantial number of known objects with higher masses. The analysis of recently obtained homogeneous samples of isolated white dwarfs has led to a slightly different peak mass value. Bergeron et al. (1992, hereafter BSL) have analyzed the sample of 129 DA white dwarfs, and determined their masses by means of fitting hydrogen Balmer line profiles. They obtained a peak mass value of 0.562 M . Liebert & Bergeron (1995) analyzed 200 white dwarfs from the Palomar Green survey (Green et al. 1986) , with peak mass 0.56 M . However, the above surveys did not reach to much higher masses, and were only sparsely populated by white dwarfs >1 M . Only recently Marsh et al. (1997a,b) determined the masses (and also other stellar parameters) of an extensive set of white dwarfs selected from the ROSAT all-sky survey in the extreme ultraviolet (EUV). They distinguished between the populations of normal (≈0.6 M ) and massive (>1.0 M ) white dwarf stars.
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Extensive determinations of the WD mass distribution were also presented in recent papers by Vennes et al. (1997a Vennes et al. ( ,b, 1998 , and Vennes (1999) , which were based on the Extreme Ultraviolet Explorer (EUVE) observations. In this paper we present and discuss the catalogue and the mass distribution of massive white dwarfs with masses M > 0.8 M . Our research is based on mass determinations available in the existing literature. Investigation of the mass distribution of white dwarfs on the massive branch can put significant constraints on both early and late stages of stellar evolution, including star forming stages in the Galactic disc. The limiting mass 0.8 M in this paper has been chosen arbitrarily. Masses presented in the following sections represent a highly inhomogeneous sample, since we intended to collect as many massive white dwarf stars as possible.
Masses of isolated white dwarfs are probably correlated with the chemical composition of their cores. White dwarf cores are generally believed to be built of carbon and oxygen. However, there exists a number of papers, which study the mass-radius relations, cooling sequences, and photometric colors for helium-core white dwarfs (Serenelli et al. 2001 Rohrmann et al. 2002) , which are located at the low mass end of mass distribution. Similarly white dwarfs with mass higher than the average mass can be correlated with the population of magnesium-core or iron-core stars studied by Provencal et al. (1998) , Provencal & Shipman (1999) , Panei et al. (2000) , Madej et al. (2003) . The present catalogue listing the massive isolated white dwarfs probably contains white dwarfs with cores consisting of heavier elements.
Masses of isolated white dwarfs are usually determined with the help of spectral analysis. The observed visual spectra can be fitted with theoretical spectra to determine effective temperatures T eff and surface gravities log g for some assumed chemical composition, mostly pure hydrogen. A classical paper by Shipman (1979) explained the method of radius R and mass M determination from known values of T eff , log g, distance d, and visual magnitude m V , based on some reasonable grid of synthetic spectra. Nowadays there exists three principal methods of mass and radius determination of isolated white dwarfs, which are used depending on the exact set of available observational parameters, which include also estimates of the gravitational redshift (cf. discussion in Schmidt 1997) .
Other techniques of mass determination result from orbital solutions in isolated binaries containing a white dwarf (Sirius B, Procyon B, for instance). A review of the various methods of mass determination has been given by BSL (1992), cf. also Koester (2002) .
In the present paper, we disregard the differences between particular methods of M and R determination, and collect isolated massive white dwarfs in a single set of stars. In this way we attempt to investigate the most numerous set of star which is actually available, and avoid random fluctuations of small numbers of binned stars. It is necessary to stress here that white dwarfs in interacting binaries were not included in our catalog.
The catalogue
In this paper we present an analysis of the catalogue of all massive white dwarfs, compiled from the available literature. Our catalogue consists of 112 white dwarf stars, both magnetic and nonmagnetic WDs. The full catalogue is not printed in this paper, and available in electronic form at the CDS. A shortened version of the catalogue is presented in Table 1 .
The data for each star were compressed into a single row. The columns of Table 1 list the following data: WD designation by its equatorial coordinates, name of the star, and values and errors of T eff , log g, M/M . The ninth and following columns give; radius R in kilometers, mean surface magnetic field B s , polar field B p , distance d in kiloparsecs, remarks, and a reference list.
In most cases the stellar parameters were independently determined by several authors. Values of T eff , log g, M/M , and remaining parameters presented in Table 1 are arithmetic averages of the individual data. The errors are just formal errors of the above averages. In this way we could neglect error determinations given in individual papers. Parameters of white dwarfs determined in a single paper have not been assigned any error estimates in Table 1 .
The mass distribution of white dwarf stars
The mass distribution of isolated white dwarfs exhibits a relatively narrow peak at about 0.6 M . Precise values of the peak mass were determined to be 0.603 M (Weidemann & Koester 1984) (Finley et al. 1997) , and ≈0.55 M (Marsh et al. 1997a,b) .
The shape of the mass distribution also exhibits a distinct tail towards higher masses, which hardly any of the above papers reproduced satisfactorily. Weidemann & Koester (1984) did not include white dwarfs of masses higher than 1.0 M , and there are only few such massive stars in other early papers presented in their list. Marsh et al. (1997) recognized the existence of a high-mass population (>0.8 M ), consisting a total of 13 white dwarfs only. Small sample of massive white dwarfs in that paper did not make it possible to investigate any details of the mass distribution in that region. In spite of this, Marsh et al. (1997) suggested that the massive white dwarf stars form a second population, clearly differing from the main population with a mass peak at about 0.6 M , which probably were formed by coalescence of normal white dwarfs in close binary system.
The tail of the massive WD distribution
White dwarfs and their averaged masses collected in Table 1 form a rather inhomogeneous sample, as we did not discriminate between various methods of mass determination. This was done to increase the total number of massive white dwarfs in the sample. In this way we attempt to minimize the uncertainties and fluctuations caused by the very small number of massive stars available in previous investigations. Figure 1 presents the mass distribution of all 112 isolated white dwarfs, with averaged masses compiled in Table 1 . The main histogram consists of bins with 0.05 M width which shows, that above 0.9 M the number of stars per bin continuously decreases towards higher masses, and only the single bin 1.0−1.05 M contains a significantly larger number of stars Remarks -(m) magnetic white dwarfs; (b) white dwarfs with companion(s); (c) close binary or multiple systems; (t) triple systems; (p) common proper-motions binaries.
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(15 objects). We believe, that this single bin demonstrates the existence of a secondary maximum in the mass distribution of massive isolated white dwarfs. When constructing the histogram in Fig. 1 we arbitrarily assumed that stars with masses located exactly at the edges between bins are counted in the bin with stars of higher masses. I.e. if a star has its mass equal to 1.0 M , then it is counted to the 1.0−1.05 M bin.
We have therefore constructed and overlapped in Fig. 1  a second histogram with a finer (0.01 M ) spacing, which demonstrates the structure of the mass distribution function in the vicinity of the secondary maximum, in the range of 0.96−1.12 M . The maximum is most likely located at about 1.04 M .
Of course, the mass distribution determined in this sample has been unintentionally blurred by the fact that the mass determinations were done with different methods. In spite of this, the secondary maximum at ≈1.04 M is clearly visible in Fig. 1 .
The above results can be immediately be compared to the previous mass distribution by Vennes (1999) . Our conclusion that there is secondary maximum in the mass distribution at 1.04 M remains in full agreement with the above mentioned paper (see his Fig. 8 ). However, our results deny the possible existence of a secondary maximum at 1.25 M . The other qualitative difference between Vennes (1999) and our paper is that we demonstrate the existence of a distinct slope in the mass distribution, when we decrease mass towards 0.8 M .
We note that the present paper is based on a more numerous collection of massive white dwarfs. We tentatively estimated on the basis of Fig. 8 and Table 7 of Vennes (1999) that the number of white dwarfs with masses M ≥ 0.8 M in his paper is of the order 30, whereas our results are based on a much bigger sample of 112 stars.
Massive magnetic vs. nonmagnetic stars

Distribution of masses
It is interesting to investigate the differences between the mass distribution of the magnetic and nonmagnetic white dwarfs in our sample. It is well established that magnetic white dwarfs apparently have a much higher than average mean mass (Liebert et al. 2003; Kawka et al. 2003) . The former paper states that the mean mass of magnetic white dwarfs in their sample equals to 0.93 M , as compared with the average white dwarf mass of 0.60 M (Weidemann 1990 ). We show our mass distributions in Figs. 2 and 3 .
The mass distribution of massive magnetic white dwarfs seems to be flat and does not exhibit any particular features, except the absence of stars with masses in the range 1.15−1.2 M (Fig. 2) . However, due to the very small numbers of stars in each bin, typically 1−4 stars, this gap most likely is statistically insignificant. One can note, that the only stars with masses exceeding 1.30 M are known magnetic white dwarfs (4 stars), and they are shown in Fig. 2 .
In contrast, the mass distribution of nonmagnetic white dwarfs clearly shows the secondary maximum of the mass distribution in the single bin of 1.0−1.05 M (Fig. 3) . Moreover, the mass distribution of these stars is qualitatively different from magnetic WDs in that it shows a steeper decrease towards highest masses. In particular, we found no nonmagnetic white dwarf with mass greater than 1.30 M .
One cannot rule out the possibility that in future some nonmagnetic white dwarfs in Fig. 3 would move to the histogram in Fig. 2 , when a non-zero magnetic field is detected.
We point out here that our mass distribution of magnetic massive white dwarfs (Fig. 2) differs significantly from the distribution by Valyavin & Fabrika (1999) . Both authors claim that the mass distribution of magnetic white dwarf stars exhibits a main maximum at 0.8 M , and a secondary maximum at ≈1.15 M (see Fig. 2 in their paper) . The two maxima in their paper are separated by a deep minimum in the mass distribution at 1.05 M . Our Fig. 2 does not show any such features. Table 1 immediately provides an estimate of the relative fraction of magnetic white dwarfs in the whole group of massive white dwarfs with masses greater than 0.8 M . Among 112 massive stars listed in Table 1 we collected 25 stars that are presently known as magnetic objects. Therefore the fraction of isolated magnetic massive white dwarfs in our sample is 22%.
Incidence of magnetism in massive stars
This result is very similar to the conclusion by Vennes (1999) , who found that the fraction of magnetic white dwarfs is approximately equal to 25% for hot stars with masses exceeding 1 M . However, we stress the essential difference between both analyzes: the sample of hot massive white dwarfs compiled by Vennes (1999) was derived from the EUVE catalogue of hot stars, whereas our sample is not restricted to hot objects.
The data collected in Table 1 allow us to study the distribution of magnetic white dwarfs in a more detailed way. Figure 4 presents the relative fractions of magnetic white dwarfs as a function of mass. Figure 4 clearly suggests that the incidence of magnetism increases with mass, and reaches 100% in the highest mass bin, 1.30−1.35 M . We are aware, however, that the numbers of magnetic stars considered are low, and we cannot exclude strictly random fluctuations.
The evolution of magnetic fields in white dwarfs
We have also attempted to examine the number distribution of massive white dwarfs with respect to effective temperature. Obviously such a distribution has a direct connection to the cooling age of white dwarfs. Figure 5 displays the number distribution of both magnetic (dark tone) and nonmagnetic white dwarfs (light tone) from our Table 1 of massive objects. We remind the reader that we selected 25 magnetic and 87 nonmagnetic massive stars to construct the two histograms in Fig. 5 .
It is evident that the distribution in both subclasses of white dwarfs is very similar in that both exhibit a sharp maximum for T eff between 5000 and 10 000 K. This result has been presented also in . However, they suggested that the frequency of cool magnetic stars (of any mass) is greater than that of hot magnetic stars. Our Fig. 5 shows that the distribution of massive magnetic white dwarfs vs. T eff essentially does not differ from the distribution of all massive objects, therefore effective temperatures below (and also above) 10 000 K do not influence the relative occurrence of magnetism in white dwarfs. In other words, our results show that the occurrence of magnetism in massive white dwarfs does not depend on the cooling age (above T eff = 5000 K).
Figure 5 most probably demonstrates the selection effect that is the reason why we have not yet discovered the majority of the coolest white dwarfs below T eff < 5000 K, both magnetic and nonmagnetic. We also conclude that our results in Fig. 5 contradict the suggestion of that we observe a magnetic field decay below T eff < 6000, at least in the group of massive white dwarfs.
Conclusions
We have performed an extensive search of the available literature and selected all known white dwarf stars of masses at or above 0.80 M . Included here are stars which are believed to be isolated, or are members of detached (noninteracting) binary systems. We excluded white dwarfs that are members of close (interacting) binary systems. In total, 112 massive white dwarfs were selected, and some of them are known as strongly magnetic stars with a surface field B s approaching 500 megagauss.
The catalogue of all known stellar parameters is presented in Table 1 , which lists for each star its parameters (T eff , log g, mass M) averaged over all the available individual determinations.
The mass distribution of massive magnetic white dwarfs in rather flat, whereas the distribution of nonmagnetic stars seems to be steeper, decreasing towards the maximum Chandrasekhar mass. However, the mass distribution of all massive isolated white dwarfs apparently exhibits a distinct local maximum at 1.04 M , which seems to be caused exclusively by nonmagnetic white dwarfs in our sample.
We report here the observation that the small group of the most massive stars in our sample, M > 1.30 M , consists of 4 magnetic white dwarfs. Nonmagnetic white dwarfs apparently are less massive than 1.30 M .
Our results show that the occurrence of magnetism in massive white dwarfs does not depend on the cooling age (above T eff = 5000 K).
